each decade dating back to 1960. Since no reliable database of historical parking supply exists, 1
we are left to develop our own estimates using available aerial photographs. The effort required 2 to develop these estimates limits our potential sample size considerably. These limitations rule 3 out many common approaches including controlled experiments, direct questioning, and 4 statistical modeling. 5
Instead, we rely on a widely-accepted general theory of causality, adopted from the field 6 of epidemiology, commonly referred to as the Bradford . The nine criteria, 7 first presented in a 1965 speech by Sir Austin Bradford Hill, a Professor Emeritus at the 8 University of London, are intended for inferring causality when an association already exists. 9
They are not meant to serve as a checklist or set of rules, but instead to answer the question: what 10 aspects of an association should we especially consider before deciding that the most likely 11 interpretation is causality? (22) According to Hill, "the decisive question is whether the 12 frequency of the undesirable event B will be influenced by a change in the environmental feature 13
A" (22). 14 In our case, an environmental feature A refers to parking supply and the event B refers to 15 high levels of automobile use, which many policymakers consider undesirable due to a range of 16 environmental, social, and economic consequences, including traffic congestion, traffic deaths, 17 and pollution. This approach lets us overcome an inherent challenge, which is that there are 18 many potential explanatory variables (e.g., changes in transit service quality) and a lack of 19 reliable data for many of those variables. By approaching the question of parking supply and 20 automobile use in this way, we cannot discredit other factors, but we can gain a reasonably 21 definitive answer regarding the potential citywide impacts of parking on travel behavior and 22 make evidence-based policy recommendations to achieve long-term transportation-related goals. 23 By demonstrating that parking contributes to rising automobile use, this research calls 24 into question the underlying justification for minimum parking requirements in urban areas. 25 These requirements, like many transportation policies, employ a predict-and-provide approach 26 through which planners and designers provide infrastructure based on estimates of future 27 demand. Bradford Hill and other researchers note that before the nine criteria can be employed, a clear 9 association between the treatment and the outcome must first be established (22, 23). As shown 10
in Figure 1 , we consider the relationship between parking provision (parking spaces per resident 11
and employee) and automobile use (automobile mode share for workers) for each year and 12 observe a clear, consistent association (R 2 = 0.79). Strength of association is the first of nine criteria identified by Hill. It states that a large response 20 in relation to treatment is a compelling indication of causality. As an example, Hill cites the fact 21 that cigarette smokers are nine to ten times more likely to die from lung cancer than non-22 smokers. 23
When the treatment is a simple binary-e.g., smokers versus non-smokers-it is helpful 24 to think of strength in terms of relative risk. Courts, for example, have found that a relative risk 25 of 2.0-meaning that the risks are twice as high for a treatment group-indicates an agent is 26 more likely than not to have caused a disease, but more than one study is needed. Some scholars 27 recommend a relative risk of 3.0 (23). Hill is careful to note, however, that one "must not be too 28 ready to dismiss a cause-and-effect hypothesis merely on the grounds that the observed 29 association appears to be slight" (22).
30
For this study, we consider the association to be strong if the slope of the curve in Figure  31 1 is large, indicating that changes in parking provision are associated with large changes in 32 To test this, we assume that if one factor precedes another, we should be able to predict 26 the latter by looking at prior changes in the former. As an analogy, this implies that an 27 individual's smoking habit can predict whether they will later develop lung cancer, but instances 28 of lung cancer cannot necessarily predict whether somebody will take up smoking. 29 As shown in Figure 2 , increases in the number parking spaces per resident between 1960 30 and 1980 are directly correlated with increases in resident automobile use the following two 31 decades (R 2 = 0.86). However, changes in automobile use before 1980 are a much weaker 32 predictor of parking increases after 1980 (R 2 = 0.25), as shown in Figure 3 . 33 This is compelling evidence that even though the relationship between parking and 34 driving is complex, parking provision appears to be the primary leading factor. Using the same 35 analogy as above, this is like saying that even though somebody might begin smoking after 36 developing lung cancer (possibly because their risk of developing cancer no longer exists), 37 smoking is still the primary leading factor of lung cancer. Biological gradient 9
The biological gradient criterion states that a clear dose-response curve is strong evidence of 10 causality. Hill points again to the case of lung cancer in smokers, which follows a linear 11 relationship. A lower death rate among the heaviest smokers would be problematic, he suggests, 12 but not necessarily evidence against causality. 13
For this study, we refer again to strong in this higher range. In the most extreme cases, where there more than 0.4 spaces per 1 person, more than 75 percent of commuters travel by automobile. 2 Dose-response curves in conventional epidemiological studies often follow an S-shape 3 curve or some other non-linear form (23). Although our data show a linear relationship, we 4 expect some curvature outside the range of our data. Because automobile mode share cannot 5 exceed 100 percent, we expect this curve to level off as parking increases and mode share 6 approaches its maximum. 7
Data from two previous studies looking at town and city centers, reproduced in Figure 4 , 8 validate this concept (35, 36) . As the number of parking spaces per 1,000 square feet (92.9 9 square meters) of building area increases, the automobile mode share also increases but levels off 10 as it approaches 100 percent. The regression line shown in Figure 4 represents the relationship 11 between automobile use and the natural log of parking provision (R 2 = 0.87). 12 13 14 Plausibility and coherence 17 Hill identifies plausibility and coherence as two separate criteria. In epidemiological studies, 18 plausibility suggests that there is a reasonable biological explanation for a particular treatment to 19 cause a particular outcome-e.g., a mechanism by which smoking could cause lung cancer. In 20 contrast, coherence suggests that a theory of causality should not conflict with general 21 knowledge about the nature of a relationship. As Woodside and Davis (23) explain, "The 22 difference between coherence and plausibility would seem, in part, to be one of semantics"-one 23
suggests that evidence supports the theory and the other suggesting that evidence does not 24 conflict. Therefore, we consider the plausibility and coherence criteria together. 25 In fact, general knowledge outside of academic research and separate from the practice of 26 transportation demand management might suggest that automobile use is fairly inelastic and that 27 parking demand is predetermined. This perspective stems partly from the fact that parking is 28 often plentiful and usually not paid for by users (41), which leads many people to expect free, 29 convenient parking at every destination (42). The most common parking policies-minimum 30 parking requirements-and the information on which they are often based also assume that 31 almost all visitors will arrive by automobile (43, 44) and that demand is fairly inelastic. While 32 the evidence base for this approach is not particularly strong, these assumptions are widely held 1
(1). 2
The mechanisms through which parking availability influences automobile use are fairly 3 well understood. The influence of parking rests in the fact that parking price and availability 4 affect the costs of driving, relative to other modes, in terms of time or money. A majority of the 5 research in this area focuses on the effects of parking price, rather than its availability (4-6, 11, 6 38-40). Generally, when parking costs are paid directly by the user, she or he can make more 7 informed mode choice and trip-making decisions. Less research has considered the influence of 8 parking availability, but the existing studies point to a similar effect (7-9, 11, 33, 37, 38) . As 9 parking becomes less available and search times increase, people are less willing to give up their 10 parking space or search for a new space and, instead, choose alternative modes or change their 11 trip-making behavior in other ways-for example, by parking once and walking to multiple 12 destinations, instead of making multiple trips by automobile. 13
The influences of parking price, in particular, are widely recognized in tools for 14 estimating travel demand and mode share, even if they are seldom reflected in parking policies. 
